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(5) Cross-linked polymers for contact lenses. 

@ Contact lenses ara disclosed which are formed from 
hyoroohilic polymers of at least one hydrocnilic monomer 
and minor proportions of at least one monomer containing 
cationic groups and at least one monomer containing 
anionic groups so that ionic cross-linkages can form between 
polymer molecules. Typical monomers containing cationic 

^ groups are alky! amino acrylates and methacryiates and Typi- 
cal monomers containing anionic groups are methacryiic 

CO - and acrylic acids and such monomers may be employed in 
proportions oy weight of from about 5% to about 20?* Suit- 

^ aoie hydroonilic monomers include hydroxy atkyi acrylates 
and methacryiates. 
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CROSS-LINV.Zn ?qly.\:e?.s FOR CONTACT LENSZ5 

The preser.: invention relates to hycronhilic 

nolvmers- having ionic cross-linkages, contact lenses 
* * 

formed -.herefrom and a process for their preparation. 
Harvf-: ?.OUSD OF THE INVENTION 

— j 

Cross-linking of polymers is well-known in the 
art for providing polymers with desirable properties, in 
particular desirable mechanical properties such as high 
tensile strength. Cross-linking is usually effected by 
use of a covalent cross-linking agent which bridges two 
or more polymer chains linking them together by covalent 
•tending. Cross-linking can also be effected by means of 
electrovalent interactions involving ionized sites in 
neighbouring polymer chains; cross-links induced in this 
way are known as ionic cross-links. This form of cross- 
linking is illustrated by ionomer. resins which are ethylene 
copolymers containing pendant carboxylic acid groups and 
an associated bivalent metal cation and also by polyelect- 
rolyte complexes which consist. of an essentially neutralize 
mixture of polycations (e.g. a polyquaternary ammonium 
compound and a polyanion such as poly (vinyl sulfonic 
acid) . 

Cross-linking of hydrophiiic polymers for use as 
contact lens materials is often a practical necessity in 
order that the material has adequate mechanical properties 
in the hydrated state. Covalent cross-linkage has been 
■ widely used for this purpose but ionic cross-linking has 
not hitherto been used. Ionic cross-linking requiring the 
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presence of a bivalent, metal cation is not acceptable for 
contact lens material since in use the bivalent cations 
are largely leached from the polymer by tear fluid and 
replaced by sodium and potassium ions contained in the tear 
5 fluid; polyelectrolyte complexes are unsuitable since they 
cannot conveniently be prepared in a form suitable for 

machining on a lathe. 

BRIE? DESCRIPTION OF THE INVENTION 

According to one aspect of the invention, there 
10 is provided a novel polymer for use as a contact lens 
material and comprised of chains in each of which there 
are both cationic and anionic sites participating in 
electrovalent cross-linkage of the chains one to another, 
the aforesaid sites being provided by moieties of the polymer 
15. chains which are resistant to loss of polarity by contact 

with tear fluids. 

In a more specific embodiment the invention 

provides a contact lens which comprises a hydrophilic 
polymer of at least one hydrophilic vinyl or yinylidene 
20 monomer, a minor proportion of a -cationic group - 

containing monomer and a minor proportion of an anionic 
group - containing monomer and said ionic group - 
containing monomers providing cationic and anionic sites 
•for ionic cross-linkages between polymer chains. 
25 The moieties providing the ionic sites will 

usually be organic moieties polymerized into the polymer 

k 

chains and in general such organic moieties will be units 
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„ e -. -o r ; al coroiymerised into a backbone polymer. 

7 w e -cr.crcer sarerial may for example, be an alky! amino 
acrylate or methacrylate , such as din.ethyla.-nisoe-hylrr.efr.- 
acrylate, z-butylaminoethyimethacrylate or di-n-butyl- 
aninoethylmethacrylate, in the case of monomer material 
providing cationic sites. Conveniently methacrylic or 
acrylic acid may be employed to provide anionic sites 
although other polymerUable carboxylic acids may be 
used. Alternatively, however, such other cationic 
and clonic moieties as . quaternary ammonium compounds 
and unsaturated sulfonic acids may be employed to provide 
the cationic and anionic sites although, it should be noted, 
particularly in the case of relatively strongly ionizing 
groups, that there may be difficulties as regards 
availability of materials. Vinyl sulfonic acid, styrene 
sulfonic acid and unsaturated phosphoric acid monomers are 

however, obtainable. 

- The polymers of the invention will normally 

contain the ionic moieties in a comparatively minor 
proportion together with a balance ox polymerized essentially 
non-ionic monomer material. The balance may, for example, 
be made up of polymerized hydrophilic monomer such as an 
hydroxy alkyl acrylate or methacrylate , e.g. 2-hycroxy- 
ethylmethacrylate or N-vinylpyrrolidone and/or a polymerized 
, hyd roohobic monomer, such as an alkyl acrylate or methacrylace 
or styrene or a substituted styrene. Typical hydrophobic 
monomers are methyl methacrylate and n-butyl methacrylate. 
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Ccooivaers of 2-hydroxyetr.y 1-ethacry late with 
aimethylaminoethyimethacrylate. sethacryiic acid ar.d 
„. ( ;, a M V stvrsne havo been found to be especially suit ail* 
for use as soft contact lens material. 

The anionic moieties may be present in suistant- 

3 

ially s-coichiometricaily equivalent amounts, but, if desired, 
one ionic moiety may be in stoichiometric excess. For 
example, a stoichiometric excess of the anionic moiety 
provides a powerful hydration mechanism in the alkaline 
10 environment of the eye so that in most instances such an 

excess will be considered desirable. In such cases, where 
the ionic groups are in excess the, are preferably neutralised 
by treatment of the final polymer with a mildly alkaline 
solution as described in British Patent No. 1,548,158 

i c cnerificallv incoroorated herein 
15 (the disclosure or wnicn is speci acany 

by reference) . 

As indicated earlier, the ionic moieties will 

in general be present in relatively minor proportions. 
Generally the proportion of . ionic moieties available for 
20 participation in electrovalent linkage will be in the range 
from about 5% to about 20% by weight, preferably 7% to 20% 
(e.g. from about 7% to 17% by weight). In all cases, the 

~ c c - a rPd are by weight of the whole unhydrated 
Dercentages Statea are oy wc -s-* 

Dolyrner, 

polymers according to the invention can conven- 
iently be made by polymerizing a monomer mixture comprising 
comooneats ox identity and content appropriate to the 
desired oolymer, the polymerization being effected us.ng, 
for example, azobisisobutyronitrile as initiator. Other 
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initiators may altcrr.at ively :e employed al::.ougri poroxiu-; 
initiators are not at present recommenced since they have . 
been found to produce dark coloured polymers. 

The polymers of the invention have been found, 
5 as will be appreciated from the Examples which follow, to 
exhibit good mechanical properties. This is thought to 
be a result of the labile character of the elect rovalent 
cross-linkage forces which results in the polymeric material 
being able to. yield locally to applied stress. The polymers 
of the invention may, in addition to cross-linkages as a 
result of electrovalency,' contain covalent cress-linkages 
as a result of use, if desired, of a covalent cress-linking 
agent, and results in polymers having even better mechanical 
properties. Covalent cross-linkages may be incorporated in 
l;ithe polymers by -including a di- or poly functional cross- 
linking age.nt, such as glycol dimethacryiates or aerylates, 
allyl methacrylate or acrylate or triallyi cyanurate. 

The polymer of the invention can readily be cast 
to form a lens or lens blank. Lens blanks can be machined 
2D in known manner to form contact lenses of desired configuratic 
Lenses made in this way from hydrophilic monomer-derived 
polymers can be hydratec to equilibrium after machining, 
using saline solution as described, for example, in British 

Patent No. 1,548,153. 
2;. The invention includes within its scope lenses, 

blanks and machined lenses as just described and in particular 
includes' such lenses and lens blanks made of . polymer 
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following polymerized .T.cncrr.er units ia 

the following proper-ions by ^ei^hz : - 

2-hydroxyethyi:nethacrylate: 24 parts 

(2-KEMA) 

* 

dinethvlamiMethylmerhacryiaxe: frcm I to 2.25 parts 
0 " (DMAEMA) 

. • - j j . from 1 to 3 parts 

methacrylic acid. 

(MA) 

up to 2.5 parts 

styrene: 

* 

10 Th e following specific Examples are intended to 

illustrate the invention. . . 

* * 

Examples 1 to 5 

Polymers were prepared according to the formulations 

15 gi ven in Table 1. 2-hydroxyethylmethacrylate (2-HSMA) with 
a very low (0.05 wt%) ethylene glycol diaethacrylate (EC-BM) 
• content was used and hence the polymer was expected to 

contain a very low concentration of derived covaleat cross- 
links. The monomer mixtures were polymerized by thoroughly 
20 mixiQg together purified 2-HEMA , redistilled MA, DMAEMA and 
(where stated styrene) in the proportions stated in Table 1 
using the stated quantity of azodiisobutyronitrile (AZDN) as 
free radical generator. Polymerization was carried out in 
polythene tubes at 65°C for 16 hours, followed by curing 
25 for 3 hours at 100°C. In the case of comparison Examples 1 
and 3, the DMAEMA was omitted, as indicated. 

The rods obtained were cut into lens blanks, 



machined to form lenses, extracted and hydrated to 
equilibrium in a saline solution buffered at F H7.4. 
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- ..^r, • - - u a r ~ - o - - atsen.ee of ccvaler.;: 

cros s- 1 i r. . 

This observation and the fact that the water 

content of the gels containing DMAEMA are somewhat lower 
than those without, in spite of the hydrophilic nature of 
DMAEMA and twice the addition of mechacrylic acid, provides 
convincing evidence that hydrogels which contain minor, 
proportions of cation-, and anionic sites contain physical- 
effective cross-links attributable to the simultaneous 
oresence of both types of ionic -site. 

TA3LZ I. 
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* stoichiometric excess with respect to the amount of 
dimethyl am iiioet h y Inezhacrylat c- ( D MAEMA ) 
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7.9 



5.5 



11.5 
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CLAIMS 



i A cclvrr.eric contact lens :' onr.ed by adaitior. 

DOlvrnerizaticn of at least one hydrcphiiic, ethy iemcallv- 
unsaturated ^onccer, an ethyienically-unsaturated 20r.orr.er 
containing a cationic group and an ethy lenically- 
5 unsaturated monomer containing an anionic group, said 
cationic and anionic groups • forming ionic .cross-linkages 
whereby the lens exhibits improved burst strength as ' 
compared with a similar lens containing no ionic cross- 
linkages. 

10 2. A contact lens according to claim 1 wherein the 

monomer containing a cationic group is a vinyl or vinylidene 
monomer having an amino group or quaternary ammonium 
group . 

3. a contact lens according to claim 2 wherein the 
15 vinyl or vinylidene monomer is an alkyl amino acrylate cr 

methacrylate. 

4. A contact lens according to any one of the 
preceding claims wherein the monomer containing an 
anionic group is a vinyl or vinylidene monomer having a 

20 carboxylic or sulfonic acid group. 

5. a contact lens which comprises a polymer of 

a hydrophiiic vinyl or vinylidene monomer containing a 
single center cf unsaturat ion , a cationic vinyl or 
vinylidene monomer having alkyl amino or quaternary 

25 
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ammonium cationic groups and an anionic vinyl or 
vinyiicene moncrr.er having carboxylic or sulfonic 
acid anionic groups, said cationic and anionic groups 
constituting pendant or terminal groups in the polymer 
which interact to form ionic cross-linkages. 
3S- a contact lens according to claim 5 wherein 

the anionic monomer is present in the polymer in stoich- 
iometric excess with respect to the cationic monomer. 

7. A contact lens according to claim 5 or claim 3 
' wherein the cationic and anionic monomers are present 

10 in the polymer in a total amount of from about 5 to 
about 20% by weight.. 

8. A contact lens according to any one of claims 
5 to 7 wherein the polymer also contains covalent cross- 
linkages derived from cross-linking monomers containing 

15 at least two centers of unsaturation . 

9. A contact lens according to any one of claims 
5 to 8 wherein the polymer is an addition polymer of at 
least one hydrophilic monomer and at least one hydrophobic 
monomer. 

20 10. A contact lens which comprises a polymeric 

• hydrogel which is the.hydrated polymerized product of 
a monomer mixture comprising- a minor proportion by weight 
of vinyl or vin^lidene monomers containing cationic and 
anionic groups and a major proportion of polymerizable 

25. monomer' having a single center of unsaturation, said 

m onomer mixture including sufficient hydrophilic aoricner 
to render the resultant polymer hydrophilic and the 
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© Cross-linked polymers for contact lenses. 
45) Contact lenses are disclosed which are formed from hvdro- 
^niiic polymers of at least one hydrophilic monomer and 
minor orooonions of at least one monomer containing 
cationic grouos and at least one monomer containing anionic 
groups so that ionic cross-linkages can form between 
polymer molecules. Typical monomers containing cationic 
groups are alky! amino acrylates and methacryiates and typi- 
" cal monomers containing anionic groups are methacrylic and 
acrylic acics and such monomers may be employed in proo- 
-r.ions by weight of from about 57* to about 20*. Suitaale 
hycrcphilic monomers include hyoroxy alkyl acrylates and 
^ metnacrylatss. 
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-oncners c 3 n • a :. r. : r. q cat ionic and anionic groups seir.5 

^ <-• . , 1 - n "* *" «p 1 '""pr 

5 addition polymer of at least one hydrcphi lie vinyl cr 
vinyiider.e monomer, a miner proportion by weight of 2 
cocolvmerizable monomer containing anionic groups and 
a minor proportion 'by weight of a copolymerizahie monomer 
containing cationic groups, the anionic and cationic 
10 groups forming ionic cross-linkages. 

12. A method of preparing a hydrophilic copolymer 

containing ionic cross-linkages which comprises subjecting 
to polymerization in the presence of a free-radical 
initiator a monomer mixture comprising at least one 
15 hydrophilic vinyl or vinylidene monomer containing a 
single center ox unsaturat ion , a vinyl or vinylidene 
monomer containing a cationic group and a vinyl or 
vinylidene monomer containing anionic groups. 

20 
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